The magneto-luminescence spectra of the R-lines in alexandrite have been measured under high pressures with steady magnetic fields up to 14 T applied parallel to the a-axis of the crystal. The Rt spectrum exhibits a remarkable interference with the vibronic emission band, so that the Zeeman splitting is smeared out at ambient conditions. The interference diminishes drastically with increase in pressure or decrease in temperature. The pressure dependence of the g-values of the ground and excited states are obtained from the Zeeman splitting at 77 K. It is found that the difference in the g-value between the ground and the excited states of the Rt line increases from 0.38 to 0.46 with increase in pressure up to 5.3 GPa, while that of the R2 line remains unchanged.
INTRODUCTION
Cr" ions in alexandrite(BeAI2_ xCrx04, x<:0.01) are substituted for Al" ions surrounded octahedrally by oxygens of the host lattice of chrysoberyl(BeAI204 ). The octahedral sites possess either mirror symmetry(Cs) or inversion symmetry(Ci) depending on the position of Be atoms seen from each octahedral site. Cr" ions in the mirror sites are responsible primarily for optical properties of this material. Since the second excited state is close in energy to the first excited state, a broad vibronic emission becomes very efficient at high temperatures. As a consequence, the lasing oscillation is capable in the wavelength range of 700 ~ 800 nm in addition to the R-lines at 680 nm. [1] , [2] As for magnetic properties, the g-tensor and the crystalline field anisotropy parameters of the ground state have been determined from EPR experiments with respect to both Cs and Ci sites. [3] Very little is, however, known yet about the excited states. This paper studies the magneto-luminescence of the R lines in alexandrite. The particular attention is paied to its behavior under high pressures. The sample is sealed in the pressure cell of a metal-gasketed miniature diamond anvil apparatus. The 4:1 methanol-ethanol mixture is used' to obtain a hydrostatic environment. Pressures are determined by monitoring the wavelength shifts of the R lines of a chip of ruby which is placed beside the sample in the pressure cell. Figure 1 schematically shows the cryostat employed in the present experiment. The Ar ion laser beam is used as the light source to excite luminescence. It is introduced into the cryostat through a glass optical fiber (D). The radiation from the sample and ruby is focused on the end surface of a quartz optical fiber (E) with core diameter of 1 mm. The radiation emitted out of the quartz fiber is transferred to the spectrometer (jASCO CT50) by a light guide of quartz optical fibers. The inside of the optical chamber is kept at the atmospheric pressure by He gas. A steady magnetic field up to 15 T is generated in a Bitter type magnet. Figure 2 shows the luminescence spectra of Rt and R2 lines measured from the (100) surface at room temperature. They shift remarkably towards lower energies with pressure. Figure 3 shows the pressure dependence of peak positions. The behaviors are described well in terms of the following linear relationships: 7. 
RESULTS AND DISCUSSION
for the R2 line, where P is pressure in GPa. One may note that both lines are asymmetric with the tail on the lower energy side. Their half-widths decrease and the lineshapes tend to be symmetric as the pressure increases. At the same time, a continuous background due to vibronic states diminishes. These results indicate that a strong interference occurs between the R lines and the continuous vibronic band at low pressures. Indeed, each spectrum of Fig.2 can be reproduced well in terms of the Fano function [4] = A -------
where '11 0 is the resonance frequency, 0 the aSYlll1etry parameter, r the symmetric linewidth, and A a constant; the factor I 1/0 I measures strength of the interference. for the excited state in analogy with the case of ruby. [5] Then eight components depicted in Fig.11 are expected to be observed. The assignments based on this model are shown in Fig. 10 . The g-values, g, .
• of the ground states and g, .
• ' of the excited stetes, are derived for R, and R.
lines. The condition, g, = g., that is valid in ruby is not assumed here because it has never been established in alexandrite. The results at 0 and 5.3 GPa are listed in Table I and 11, respectively. The g-val ues for HUb and H H c which have been determined from absorption measurements by the present authors are also listed in Table I . The sign of g, .
• ' is determined to be positive on account of relative intensities of doublet structures observed in the luminescence and absorption spectra under high magnetic fields. g, and g. are close to 2 for any direction. This is consistent with results of EPR measurements. [3] (,,)
., The pressure dependence of the magneto-luminescence spectrum has been measured for the first time in alexandrite. The results demonstrate that the nature of the R lines in this material is considerably different from that in ruby. To our knowledge. the present experiments have been performed under the highest pressure and the magnetic field that have ever been achieved in the magneto-optical studies on the effect of pressure.
